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In the first paper of this series  I it was shown that the typhus virus, 
in inducing the typical experimental disease in guinea pigs, readily 
invites invasion in the bodies of these animals of a number of bacteria, 
which complicate the typhus infection but, on the other hand, have 
no etiological relationship to the disease. 
We  thought to continue, in attacking the problem of the etiology 
of this disease, by means of a deductive method; that is, to put the 
virus to a  variety of experimental tests so as to study the nature of 
any  inciting  agent  which may  reside  therein.  One  of  these  tests 
will be described in this paper.  The test concerns the survival of the 
virus  in  different media,  with  especial  reference  to  the  influence 
of anaerobic  conditions.  From  the results  obtained,  we hoped  to 
acquire particular facts which might serve as  guides for cultivation 
experiments. 
Method. 
The following method was employed.  The medium to be  tested, 
under  aerobic  and  anaerobic  conditions,  was  inoculated  with  the 
virus present in the blood of a  guinea pig reacting to experimental 
typhus fever.  After keeping the mixture of medium and blood con- 
taining the virus for varying intervals at 37°C., the blood was removed 
and injected intraperitoneally into guinea pigs to determine the via- 
bility of the virus.  Its activity was demonstrable when these guinea 
pigs  developed typical  experimental typhus fever, characterized by 
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(a)  the  transmissibility of the disease from animal to animal,  (b)  the 
presence  of  characteristic  vascular  lesions,  especially  in  the  brain, 
(c)  the  absence  of  secondary  invasions  with  ordinary  bacteria,  and 
(d)  the  development  in  recovered  animals  of  immunity  to  subse- 
quent  injections  of  typhus  virus.  ~  The  virus  was  determined  to  be 
inactive when guinea pigs injected  with it failed to develop either the 
typical  experimental  disease,  or  immunity  to  further  injections  of 
typhus  virus. 
The details of the methods of procedure were as follows: 
Virus.--The virus for the following experiments was obtained from the blood 
of guinea pigs during the height of their reaction to experimental typhus fever. 
The blood was secured by cardiac puncture  3 with  a  sterile needle and syringe 
washed in 50 per cent sodium citrate solution.  Three strains of virus, described 
in another communication,  ~ were employed: human and louse  strains originally 
derived from Poland and a human strain obtained from the blood of a  Czecho- 
Slovakian immigrant arriving at the Port of New York. 
Media.--The  media  used  in  the  following  tests  comprised: normal  rabbit 
plasma undiluted;  normal horse serum diluted one part to three parts of saline 
solution; veal infusion  2 per cent peptone broth of a  pH of 7.4; Smith-Noguchi 
tissue,  ascitic fluid,  sealed  medium, prepared in a  manner described in another 
paper.  4  The latter was modified as follows:  in one set of experiments, omission of 
the tissue; in another, of the petrolatum seal; and  finally,  human  ascitic fluid, 
undiluted. 
Production of Anaerobic Conditions.--Comparative  experiments were performed 
with each medium under aerobic and anaerobic conditions.  An anaerobic  state 
was produced  by overlaying the  medium, immediately after inoculation,  with 
melted petrolatum.  It has already been demonstrated 4,5 that this seal produces 
an effective anaerobic condition in a few hours in the medium underneath. 
Procedure.--4 cc. of guinea pig blood,  corresponding to the typhus virus, were 
inoculated into each of two tubes containing an equal amount of the medium to 
be tested.  The presence of the citrate defibrinated the blood and consequently 
the blood settled to the bottom of the tube.  One tube of the inoculated medium 
was left unsealed, another was overlaid with melted petrolatum (2.5 cc.).  Both 
tubes were then kept in the same incubator at 37°C. for an indicated period of 
time.  To test the activity of the blood,  3 cc. of the supernatant medium were 
removed, without disturbing the sedimented blood, and the remaining 5 cc. were 
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injected intraperitoneally into a guinea pig.  The blood in the aerobic and in the 
anaerobic medium was injected at the same time, so as to avoid an experimental 
error.  To  avoid  further  error,  the  experiments were repeated.  For  similar 
reasons,  guinea  pigs  which failed to show the typical reaction after injection 
were observed for a period of about  ! month before they were submitted to an 
immunity test. 
RESULTS. 
Virus  without Addition  of Medium.--As  a  control  to  aid  in  the 
interpretation of the experiments, 4 cc. of active blood, obtained from 
guinea  pigs  during  the  height  of  reaction  to  experimental  typhus 
fever, were kept in a  test-tube at 37°C. without the addition of any 
medium.  The blood was kept in  the incubator for 24,  48,  and  72 
hours.  At the end of these periods, it was injected intraperitoneally 
into  guinea pigs.  Only the blood  which was  exposed  to  37°C.  for 
24 hours induced typical experimental typhus fever; exposure beyond 
24 hours failed to set up either the disease, or immunity to subsequent 
injections of the virus. 
Virus Added to Broth.--Under aerobic conditions, the virus in the 
blood was active after remaining in this medium for periods ranging 
up to 5 days.  After the 5th day, the virus failed to induce either the 
experimental disease or immunity. 
Under anaerobic conditions,  the virus was active after remaining 
in this medium for 24 and 48 hours, but failed to induce either the 
disease or immunity after periods longer than 48 hours. 
Virus Added to Normal Rabbit Plasma.--Under aerobic conditions, 
the virus in the blood survived in this medium for 5 days, but failed 
to induce the disease or immunity in guinea pigs after longer periods. 
Under anaerobic conditions,  the virus survived for 24 hours,  but 
not thereafter. 
Virus Added  to  Normal Horse Serum.--Under aerobic conditions, 
the virus in the blood survived in this medium for 5  days but not 
thereafter. 
Under anaerobic conditions,  the virus survived for 24 hours,  but 
not for longer periods. 
Virus Added to Human Ascitic Fluid Media.--Under aerobic con- 
ditions, in human ascitic fluid media with or without the addition of 
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for periods of 48  and  72  hours at  37°C.,  but lost its activity after 
longer periods of exposure. 
Under anaerobic conditions, in human ascitic fluid medium without 
rabbit  kidney tissue,  the virus remained viable  for  a  period of 48 
hours, but not after a longer period.  In human ascitic fluid medium, 
to which was added a  fragment of sterile rabbit kidney tissue, and 
which was then sealed with petrolatum--identical with the anaerobic 
Smith-Noguchi medium--the virus remained active for only 24 hours. 
In this medium after 2,  3, 4,  and 5 days, the virus failed to induce 
TABLE  I, 
Effect of Different Media, under Aerobic and Anaerobic 
Virus. 
Conditions,  on Typhus 
Condition  of  Period  of 
Medium.  oxygenation,  survival  of virus. 
Broth. 
Normal rabbit plasma. 
Diluted normal horse serum. 
Human ascitic fluid (with or without rabbit kidney). 
Smith-Noguchi medium. 
Aerobic. 
Anaerobic. 
Aerobic. 
Anaerobic. 
Aerobic. 
Anaerobic. 
Aerobic. 
Anaerobic. 
days 
5 
2 
either the disease or immunity to further injections of typhus virus. 
The addition of dextrose broth to this anaerobic medium did not pro- 
long the period of viability of the virus. 
Table I  summarizes these results. 
These experiments show that the typhus virus, as it is found in the 
blood of guinea pigs reacting to the experimental disease, if kept at 
37°C. in different media from which oxygen is excluded by a petrola- 
tum seal, tends to die off rapidly, in 24 to 48 hours.  On the other 
hand, the period of survival is prolonged to 5 days (in only one case 
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DISCUSSION AND  SUMMA_Ry. 
The  results  of  the  foregoing experiments show  that  the  typhus 
virus, found in the blood of guinea pigs during the height of typical 
experimental typhus fever,  does not survive at  37°C.  in  anaerobic 
media for as long a period as in the same media under aerobic condi- 
tions.  In media from which oxygen is excluded, the viability period 
is 24 to 48 hours; in the same media having no barrier to atmospheric 
oxygen, the period is usually 5 days, in one instance, 3 days. 
The dead  virus  fails  to  induce not only the typical experimental 
disease but also an immunity to further injections of typhus virus. 
That the death of the virus is due to exclusion of oxygen from the 
medium, rather than to a  change in the hydrogen ion concentration 
therein is inferred from the fact that media with varying hydrogen 
ion concentrations, such as broth (pH 7.4), horse serum (pH 7.8), and 
human ascitic fluid (pH 8.0) have the same comparative effect on the 
virus, when under aerobic and anaerobic conditions.  That is, in all, 
the anaerobic state causes a  shortening of the viability period of the 
typhus virus. 
In the Smith-Noguchi tissue, ascitic fluid, sealed medium in which 
bacteria resembling Plotz' bacilli grow luxuriantly and remain viable 
for several weeks,  the typhus virus does not increase in virulence, 
and even dies after 24 hours.  This evidence supports the conclusion 
previously presented  1 that the Bacillus typhi exanthematici  of Plotz is 
not identical with the active agent of typhus virus. 
CONCLUSION. 
In a  variety of media kept at  37°C.,  and  from which oxygen is 
excluded by a petrolatum seal, the typhus virus tends to die rapidly. 
In the corresponding media under aerobic conditions, the life of the 
virus is appreciably longer. 